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I. INTRODUCTION
The sport fisheries in Lake Mead (Arizona-Nevada) are comprised
mainly of largemouth bass (Micropterus sa7/no/cfes), striped bass (Morone
saxatilis), and rainbow trout (Salmo gairdnerii). Largemouth bass were
introduced into the reservoir in 1935 shortly after the completion of
Hoover Dam, and threadfin shad (Dorosoma petenense) were introduced in 1954
to expand the forage base for largemouth bass (Allan and Roden 1978). The
largemouth bass fishery began declining in 1963 after Glen Canyon Dam was
constructed 456 km upstream. The largemouth fishery declined even more in
the late 1970's, and the population is still severely depleted. Striped
bass and rainbow trout were introduced in 1969 to augment the failing
largemouth bass fishery. Although the lake has supported a substantial
fishery in the past (Allan and Roden 1978), current evaluations of the
fishery have provided little hope for the future. The trout fishery
collapsed in 1977 and has not recovered despite heavy stocking in some
years. The striped bass fishery began experiencing problems in 1978 when
s emaciated fish appeared in the population. Striped bass catch decreased
drastically in 1979, and the population is now comprised of small and often
~ emaciated fish (Baker and Paulson 1984).
Recent limnological studies reveal that the fisheries problems in
Lake Mead are related to a decline in fertility and productivity that began
\o develop with the closure of Glen Canyon Dam and the formation of Lake
- Powell. Lake Powell now retains over 90% of the phosphorus that once
flowed into the upper basin (above Boulder Canyon) of Lake Mead (Gloss et
a?. 1980 and 1981; Evans and Paulson 1983). Phytoplankton productivity in
the upper basin decreased by about 80% after 1963 (Prentki and Paulson
1983). Phosphorus loading from secondarily treated wastewater inflows via
: Las Vegas Wash, sustained higher productivity in the lower basin (Las Vegas
Bay and Boulder Basin) of Lake Mead until the late 1970's (Prentki et a7.
1981). Tertiary treatment was started at that time to remove phosphorus
from wastewaters. Productivity in most of the lower basin has decreased
since then, and Lake Mead is now oligotrophic except for small areas near
the principal inflows (Las Vegas Wash and Virgin, Muddy, and Colorado
Rivers).
I The shad population in Lake Mead has decreased considerably as a
result .of these changes in reservoir fertility and productivity (Baker and
I Paulson 1983). With the decline in the shad population, crayfish have
I become increasingly important in the diets of adult largemouth and striped
bass (NDOW 1983). In addition, aquatic insect larvae, mainly midges of the
family Chironomidae, are also extensively utilized by juvenile fishes of
I all species in the lake.
-V
Yet very little is known about the benthic invertebrates of Lake
f Mead. The only detailed benthic study in Lake Mead was conducted by
j£ Melancon (1977) and was restricted to Las Vegas Bay. Her study was limited
in both frequency of sampling and the taxonomic range of organisms
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considered. Melancon found that chironomid larvae of two subfamilies
dominated the shallow inner bay waters, and oligochaete associations of two
families dominated the deeper waters of the outer bay. Both oligochaetes
and chironomids were found to the maximum depth sampled (130 meters).
Within the Mollusca, both the Asian clam, Corbicula fluminea, and an
unidentified gastropod were found to a depth of 90 meters. This is the
greatest depth ever reported for Corbicula and is extremely deep for
gastropoda. The only additional data available in the literature are those
reported by Jonez and Sumner (1954) and Allan and Roden (1978) which
provide little detail.
The red swamp crayfish, Procambarus clarkii, was first reported from
Lakes Mead and Mojave by Allan and Roden (1978). Jonez and Sumner (1954)
had previously reported the introduction of Astacus sp. (=Pacifastacus
leniusculus) in the Willow Beach area of Lake Mojave by bait releases, but
these records were not documented with collections. It was clear that a
general knowledge of the benthos of Lake Mead did not exist.
It is known that the gross ecological efficiency of fish will differ
from one situation to the other depending on the internal structuring of
the food web and the nature of the ecosystem's energy pathways. While most
calculations of trophic level efficiencies assume that a lake's major food
chain is through phytoplankton, it has been shown that in some oligotrophic
systems, fish production is mainly dependent on benthic algae and detritus
(Momot et al. 1978). Given the extremely dynamic role that crayfish can
play in the overall ecology of aquatic ecosystems (Momot et al. 1978) and
the paucity of information available on the benthos of Lake Mead, an
understanding of benthic population dynamics becomes pivotal to the
development of a fisheries management scheme for the lake.
This understanding becomes even more critical when the benthic
species reported from Lake Mead are considered. Chironomids and crayfish
are well known for their role in converting benthic algae and detritus into
biomass as well as their general utilization by fish as forage (Momot et
a?. 1978). In addition, the presence of the crayfish, P. clarkii, in Lake
Mead is unusual. This species is known to be a highly aggressive,
burrowing species common to eutrophic, shallow swamplands in the southeast
(Penn 1943). Introduced western populations of P. clarkii typically also
inhabit shallow waters. Moreover, in the west, other crayfish species
typically inhabit deep, cold lakes. For example, the introduced Orconectes
virilis inhabits Lake Powell (Unpublished data, Arizona Game and Fish
Department), and Pacifastacus leniusculus inhabits Lake Tahoe (Flint and
Goldman 1977). An understanding of the population dynamics of P. clarkii
in Lake Mead would provide a much-needed clue to the function of the
benthic food web with respect to the fisheries dynamics in this large,
deep, western reservoir.
II. Objectives
The objectives of this study were to:
1. Establish baseline densities of benthic invertebrates and relative
abundance of crayfish in Lake Mead.
2. Evaluate the distributions of benthic organisms and crayfish in
relation to existing habitat conditions and 1 i m n o l o g i c a l
characteristics of Lake Mead.
3. Measure seasonal changes in abundances of benthic organisms and
crayfish in Lake Mead.
4. Compare observations of Procambarus clarkii life history in Lake Mead
to reports from other aquatic systems.
5. Evaluate the importance of benthic organisms and crayfish as food
sources for game fish in Lake Mead.
III. DESCRIPTION OF THE STUDY AREA
Lake Mead is located on the lower Colorado River where it forms the
border between Clark County, Nevada, and Mohave County, Arizona (Figure 1).
The regional climate is arid with an annual mean precipitation of less than
11.6 cm. The mean daily maximum temperature for July is 40eC and the mean
daily minimum temperature for January is -1°C (Houghton et a7. 1975). The
topography is typical of the Basin and Range geomorphic province with
highly dissected fault block ranges bordered by alluvial fans (Thornbury
1965).
Lake Mead was formed with the closure of Hoover Dam in 1935. The
lake first reached maximum operating level in 1944, has a surface area of
660 km2 and a volume of 36 km3, and is the largest reservoir in the United
States. At maximum operating level, the shoreline of Lake Mead is 885 km
with a maximum length of 183 km, and a maximum width of 28 km. It has a
maximum depth of 180 meters and a mean depth of 55 meters. Retention time
is 3.7 years (Paulson and Baker 1984). The all-time maximum operating
level was reached during the spring snowmelt period of 1983. Since that
time, the operating level has been successfully maintained at approximately
368 meters with variation of approximately 4 meters yearly. Since the
closure of Glen Canyon Dam in 1963 to form Lake Powell approximately 460 km
upstream, Lake Mead has become extremely oligotrophic, with measured
orthophosphorus levels as low as 0.001 mg/L (Paulson and Baker 1984).
The dissected nature of the desert terrain flooded by Lake Mead has
resulted in a cove and point topography. Many of the coves are located at
the mouths of dry washes and receive inflows of runoff water containing
nutrients and particulate organic matter during the infrequent rains. Some
parts of the lake receive permanent inflows from tributaries of Lake Mead
or from springs which empty into the lake. Sediment sizes in these areas
are generally finer, and nutrient levels are higher than in the lake
overall.
Limnological conditions in Lake Mead have been thoroughly documented
(Paulson et a7. 1980; Paulson and Baker 1984; 1986-1987 Lake Mead/Mohave/
Havasu Monitoring Program, unpublished data submitted to U.S. Bur. Reel.).
Major areas of the lake with similar physical chemical values and nutrient
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Figure 1. Limnological zones of Lake Mead,
levels have been designated as typical limnological zones for the purpose
of this study (Figure 1).
Las Vegas Bay is of particular interest and was selected as an area
for intensive studies of crayfish and benthos populations. This area of
Lake Mead has sustained higher nutrient levels and productivity because of
inflows of treated waste waters from the City of Las Vegas and Clark County
facilities into Las Vegas Wash. This results in a nutrient and
productivity gradient from the mouth of the wash to the outer Las Vegas Bay
and Boulder Basin. This nutrient gradient may be associated with a second
gradient of unfavorable to favorable environmental conditions. Data
collected monthly for the Lake Mead/Lake Mohave Monitoring Program (funded
by the Bureau of Reclamation) and from the Las Vegas Bay Water Quality
Monitoring Program (funded by the Nevada Division of Environmental
Protection) by the University of Nevada-Las Vegas has demonstrated that
unionized ammonia concentrations are high in Las Vegas Bay during much of
the growing season due to waste water discharge into Las Vegas Bay. The
problem is aggravated by high water temperatures and high daytime pH from
intense productivity in the bay. In addition to high ammonia levels in the
inner bay, a zone of oxygen depletion develops below the thermocline (15
meters) during periods of high productivity. High turbidity levels also
result from increased algal growth in the inner bay, which inhibits the
growth of submerged macrophytes.
Areas of emergent plants are associated with permanent inflows and
appear to offer habitat more typical of areas in which P. clarkii has been
reported to be abundant (Penn 1956). Las Vegas Wash contains large areas
of emergent vegetation bordering a deeper mid-channel which has relatively
high flow rates. Portions of the wash system in metropolitan Las Vegas
upstream from sewage treatment facilities also contain permanent water but
at much lower flow rates. The Overton Wildlife Management Area contains a
flooded marsh associated with the Muddy River as it enters Lake Mead on the
Overton Arm. Springs are located on both the Overton Arm and Colorado
River Arms of Lake Mead. These springs are more productive than the lake
and generally contain few if any fish in their lower reaches, creating a
potential refuge for crayfish.
IV. METHODS
A. Benthic Invertebrate Sampling Program
1. Development of the Sampling Plan
Preliminary sampling of Lake Mead was conducted from June
through September 1986. Stations in Zones 1, 2, 3, and 6
(Figure 1) were sampled using petite and full size Ponar
dredges in order to obtain specimens for initial taxonomic
identification and to test sampling and processing techniques.
A total of 40 samples were taken.
Based on this preliminary sampling, protocols were
established for four whole lake sampling runs and for monthly
sample collections along a transect from inner Las Vegas Bay
into Boulder Basin (Figure 2). Each whole lake sampling
interval involved 174 Ponar dredge samples taken at 58
^ stations. Stations were divided into mid-channel and lateral
" stations. Mid-channel stations included three replicates taken
at the same depth. Lateral stations were sampled as a transect
of three samples taken at 5, 15, and 25 meters. Stations were
placed to evenly distribute sampling effort over the lake.
Sampling stations were chosen using a surface topographic map.
However, ease of access to each of the preselected stations was
taken into consideration. The sampling stations were thus
random with regard to benthic habitat and populations. Whole
lake sampling was carried out in October of 1986 and January,
March, and July of 1987. Las Vegas Bay was sampled during each
whole lake sampling trip and again in December 1986 and in
April, May, and June of 1987. The Las Vegas Bay transect
included triplicate stations in a transect down the channel and
three triplicate lateral stations at 15 meters (Figure 2).
2. Field Methods
Benthic samples were taken with a 23 cm Ponar dredge.
The sample was emptied into a large wash tub and the dredge
interior washed with pumped lake water. The sample was emptied
into a bucket with a U.S. no. 30 (1/2 mm) mesh screen and
washed again. When samples contained gravel or large organic
matter, contents were poured through a 6 mm mesh sieve to sort
out large debris. Rocks and large debris were carefully
examined for attached fauna before being discarded. The wash
1 bucket residue was carefully washed into a sample jar, the
water poured off through a lid of no. 30 mesh, and the sample
preserved in a buffered 10% solution of commercial
formaldehyde. .The sample was then stained with Rose Bengal,
sealed, labeled, and boxed for laboratory processing. A field
data sheet was completed before proceeding to the next station.
3. Laboratory Methods
; A complete analysis was made on the October 1986 survey.
On the basis of the results from the October sampling, 28
stations (eight mid-channel sites at various depths and 20, 15-| meter sites) were selected for analysis of seasonal patterns.
In the laboratory each sample was capped with a no. 30j mesh lid, drained, and washed under running water. The jar was
I then refilled with an 80% ethanol solution and stored for
processing. Each sample was poured into a white enameled pan
s and examined under strong fluorescent light. Stained organisms
I were picked out using watchmaker's forceps and placed in a
labeled vial of 80% ethanol. The picked residue was cross
labeled and saved for quality assurance (QA). In the QA
I sorting, the sample was carefully examined for any remaining
organisms by a second sorter and a special search was made for
unstained or poorly stained organisms. The sample was
i
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Figure 2. Lake Mead, showing benthic invertebrate sample stations. Monthly stations
in Las Vegas Bay and Boulder Basin are shown by triangles.
discarded when an intensive two-minute search revealed no
further organisms. Organisms found during the QA sort were
combined with the original sample and the vial then routed for
taxonomic sorting and identification.
In the taxonomic sort, vials of material picked from a
sample were emptied into Syracuse watch glasses and examined
under a dissecting microscope. The material was sorted into
major groups, then into species lots using morphological
markers. Each lot was then identified using standard manuals
(Edmondson 1959; Merritt and Cummins 1984; Pennak 1978),
specialized taxonomic papers, or by comparison with previously
identified material. Material was identified to species, or to
the lowest taxonomic level possible, given the current
knowledge of the group. Sexually mature tubificid worms were
identified to the species level, while immature tubificids
often could only be sorted into those with and without hair
chaetae. Chironomid midge larvae were identified to the lowest
level possible, generally species group, using the currently
available literature. Species identifications were made on the
basis of pharate adults taken in the dredge or adults taken in
light traps. Association of the larvae, on a tentative basis,
was possible because the fauna is of sufficiently low diversity
that, to date, no more than one member of any species group has
been taken.
4. Data Analysis
A Borland Reflex data base was used to enter raw data and
compute density values for each species.
Factor analysis was used to examine interrelationships in
the distribution of benthic species. A principal component
analysis of localities by species was carried out, with
eigenvalues greater than one being saved. The resulting
factors were rotated to simple structure using the varimax
method, and factor scores were computed for each locality.
B. Crayfish Sampling Program
1. Development of the Sampling Plan
Preliminary trapping for crayfish was conducted in the
lake without success in August 1986. Therefore, additional
trapping at the Overton Wildlife Management Area, where
crayfish were observed, was done in September 1986 to test trap
function. Two types of traps were compared: large, fine mesh,
custom traps and smaller, commercially available minnow traps
with coarser mesh. When these traps were placed in similar
habitats, both adequately caught crayfish. Even though all
life stages of crayfish were present (confirmed by netting),
only adult crayfish (carapace length > 30 mm) entered the
8
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traps. Several bait types were also tested, and chicken parts
were found to best attract crayfish.
:'"*" Two lakewide surveys were conducted in order to locate
crayfish populations and evaluate relative abundances between
limnological zones. Coves within each zone were selected at
random for placement of traps, and sampling effort was weighted
according to area of the lake. The first survey was conducted
in October 1986, and the second survey was conducted in April
1987. More frequent sampling was conducted in Las Vegas Bay to
assess seasonal changes in crayfish abundance in relation to
differences in fertility and habitat characteristics. Fifteen
sites were selected along the gradient from inner Las Vegas Bay
to Saddle Island (Figure 3). -In addition, sites south of
Saddle Island not influenced by waste water were sampled as
controls (Boulder Basin Control Sites). Las Vegas Bay sites
were trapped in October and December 1986, and February, March,
April, May, and July 1987. Cove 26 (Figure 3) was also trapped
in January. An attempt to use mark recapture techniques to
estimate population densities failed due to low trap returns.
Sample sites were numbered based on the Lake Mead National
; Recreation Area Cove Map or by those utilized by the
Limnological Research Center for lake monitoring programs. See
} Appendix 1 for a list of cove numbers in each zone.
t
2. Field Methods
^ Two types of traps were used during the study: large
custom-fabricated traps constructed of fine mesh screen and
smaller commercially available minnow traps constructed from
coarser mesh screen. The larger traps consisted of a conical
steel frame covered with 0.32 cm mesh hardware cloth. These
traps had a single tapered funnel sloping in towards a 3.4 cm
diameter entrance hole. Overall trap dimensions were 66 cm in
length by 44 cm in diameter. The minnow traps were barrel
shaped with sloping funnels leading into a 3.4 cm diameter
entrance hole at each end. These traps were covered with 0.64
cm mesh hardware cloth and were 42 cm in length by 19 cm in
diameter. Both types of traps were utilized during the
lakewide surveys, but only the small traps were used in Las
! Vegas Bay.
Traps were deployed in .sets along a transect
* approximately 10 meters apart. Sets of five traps were used
( during the October lakewide survey. Sets of eight traps were
used at all other times. Traps baited with chicken pieces were
, deployed in the morning and pulled 18 to 24 hours later. An
i effort was made to place traps within a set at a consistent
A depth. Trap sets were placed in areas of each cove that
represented conditions of available littoral habitats.
- Consequently, a variety of depths and habitat types were
sampled. Minimum and maximum depths of each set and important
habitat and substrate characteristics including vegetation,
Figure 3
Las Vegas Bay and Flamingo Wash
crayfish sampling sites.
Flamingo
Wash Site
1. City of Las Vegas Treatment Plant
2. Clark County Sanitation District
Treatment Plant
3. Advance Wastewater Treatment
Hoover Dam
brush, rocks, and mud were recorded. In addition, surface and
bottom temperature and dissolved oxygen levels were measured at
^ each cove.
- All organisms contained within each trap were identified,
counted, and measured with Fowler Ultracal II digital calipers.
Juvenile sunfish and juvenile largemouth bass were trapped
along with crayfish. Total length of fishes and carapace
length of crayfish (from tip of rostrum to posterior edge of
cephalothorax) were measured and recorded. Chelae length was
also determined for crayfish collected from December through
July. The sex of crayfish was recorded, and females were
examined for eggs or young which are carried on the pleopods.
Fishes were preserved in a -10% solution of commercial
formaldehyde.
Additional field observations relating to life history
characteristics of crayfish were made by a number of people
during the course of the study. Muddy areas, banks of coves,
and marshy areas near the lake were examined for crayfish
< burrows. Divers working in association with the Lake Mead
Cover Enhancement Project (Haley et a7. 1987) and from dive
clubs in the area reported information regarding the presence
I and abundance of crayfish in the lake.
i
3. Laboratory Methods
i
I Stomach contents of juvenile sunfish were examined
qualitatively. Fishes were soaked in water for 24 hours before
dissection, stomachs removed, and their contents examined under
a dissecting microscope.
4. Data Analysis
The number of individuals caught in a trap over a 24-hour
period represented the catch per trap day (CPTD), used to
; estimate the relative abundance of crayfish. Slight variations
L in trap times were not critical because all traps were
initially set before dusk and crayfish are primarily active at
, night (Abrahamsson 1981).
* The total number of individuals collected in a set of
traps (catch per trap set or CRTS) over a 24-hour period was
! used to evaluate patterns of crayfish distribution and
I abundance as they related to depth and habitat type. Data
regarding these factors was recorded for a set of traps and
] were not evaluated on a per-trap basis during this study.
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V. THE LAKE MEAD BENTHOS STUDY: RESULTS AND DISCUSSION
A. Results
1. Benthic Densities
The relationship of average benthic densities to depth
lakewide for October 1986 is summarized in Figure 4. Densities
averaged about 1200/m2 between 5 and 40 meters, then increased
to a maximum of 2300/m2 at 70 meters and slumped again to about
1700/m2 at 120 meters. The narrow canyons were omitted from
the averages presented in Figure 4 because densities were much
higher in these areas. However, the canyons represent a very
small portion of the lake, and including these data would have
increased the values for these depths. Variability was high,
especially in deeper areas where few samples were collected,
and there was essentially no gradient of densities with depth.
This contrasts to marked density differences with depth
normally reported from lakes and reservoirs. Attached fauna
were also omitted because most studies available for comparison
have not treated this component of the benthos. Inclusion of
this component would have resulted in a much higher value for 5
meters (Figure 4).
Benthic densities varied considerably throughout Lake
Mead (Figure 5). Densities were highest in Zone 9 near the
Colorado River inflow. They remained high in Zone 8 then
dropped drastically in Zone 4 (the Virgin Basin and lower
Overton Arm). Bonelli Bay, which receives the runoff of the
relatively well-watered Detrital Valley, was slightly higher
than the Virgin Basin or the Overton Arm (Table 1). Densities
were raised again in Zone 3, the Boulder Basin, which receives
some nutrients from the City of Las Vegas and Clark County
treatment plants. A similar pattern is met in the Overton
Arm, with high densities in the Virgin River Arm just below the
mouth of the Virgin River and, to a lesser degree, in the upper
Overton Arm below the inflow of the Muddy River. Again,
densities were lower downstream in the lower Overton Arm and
the Virgin Basin. Benthic densities dramatically increased in
the narrow canyons in comparison with adjacent basins (Table
1).
Depth distribution of major taxa are shown in Figures 6
through 9 for each quarterly sampling period. A subset of
stations which were analyzed for all quarters was chosen for
this analysis. Twenty stations at 15 meters were included in
the samples chosen from the March and July 1987 quarterly
sampling trips for seasonal analysis (Figures 10 and 11). When
densities for the entire year are examined, a clear seasonal
trend emerges. Mean density at 15 meters in January was
approximately 1850/m2. This decreased evenly to a minimum of
approximately 650/m2 in July, then increased to approximately
2100/m2 in October (Figure 10). If the contribution of
12
Figure 4. Variation of mean density of benthos per square meter
in Lake Mead. Each data point represents the mean for
all records at the depth in the October, 1986 sample
set. Vertical lines indicate the standard error of the
mean.
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Figure 5. Mean density of benthos per square meter by zone along
a transect from the mouth of the Colorado River to
Hoover Dam.
Zone
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TABLE 1. Mean density of benthic Invertebrates per meter square by zone.
Numbers in parentheses indicate the number of samples. Profundal depths
are defined as those over 40 meters. The narrow canyons and Bonelli Bay
are listed separately because their extreme high values would skew results
for their entire zone.
Zone
1
2
3
4
5
6
7
8
9
10
Bonelli
Bay
Deep
Canyons
5 m
3557(4)
na1
950(11)
424(3)
424(3)
1444(4)
570(5)
595(3)
3173(3)
63(3)
2071(2)
na
15 m
551(4)
215(3)
785(10)
631(5)
640(6)
13609(4)
941(2)
1887(3)
2517(4)
57(1)"
3249(1)
na
Depth
25 m
na
179(2)
997(13)
247(3)
1007(3)
646(3)
1610(4)
2261(3)
2622(2)
na
3515(1)
na
Profundal
na
745(5)
2214(4)
317(6)
811(3)
na
3344(3)
3876(3)
2932(3)
na
na
10640(6)
Total
2104(8)
477(10)
1055(38)
426(19)
704(15)
5650(11)
1515(14)
2155(12)
2803(12)
na
na
10640(6)
1 Not applicable: Depths do not exist ,in these areas.
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Figure 6. Mean density of benthos per square meter in Lake Mead
in January 1987 by depth (meters).
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Figure 7. Mean density of benthos per square meter in Lake Mead
in March 1987 by depth (meters).
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Figure 8. Mean density of benthos per square meter in Lake Mead
in July 1987 by depth (meters).
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w Figure 9. Mean density of benthos per square meter in Lake Mead
in October 1986 by depth (meters) .
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Figure 10. Mean density of benthos per square meter in Lake Mead
at 15 meters by month.
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-Figure 11. Mean density of infauna per square meter in Lake
Mead at 15 meters by month.
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I attached fauna is removed to make results comparable with most
! previous studies (Figure 12), then values for January and
t^ March, when attached fauna are at a minimum, remain much the
}^^ same while the October values show little increase over July
, (Figure 11). Most of the variation in density results from
variation in two categories (Figures 12 and 13). Attached
fauna increased logarithmically from January through October.
Corbicula fluminea (Figure 13) showed an abrupt decline from
densities of 925/m2 during April to 125/m2 in July with only a
slight increase to 150/m2 in October. This may be related to
massive predation on the young-of-the-year which predominate in
Corbicula populations following the summer spawning season (see
Corbicula fluminea, below). If the contributions of attached
fauna and of Corbicula are removed, benthic density essentially
does not vary throughout the year. Differences between the
seasonal means are not statistically significant (Table 2).
Even the most extreme difference, between July and October
(t=1.5636), barely approaches the 0.1 level of significance.
The percentage contribution of each taxonomic component also
seems to remain much the same, when attached species and
Corbicula are disregarded.
2. Benthic Biomass
j Benthic biomass paralleled density, with minor variations
and declined with depth (Figure 14). Corbicula fluminea,
" however, made a biomass contribution disproportionate to its
I numbers, even when, as done in our analysis, specimens with
jX*—f' shell lengths over 6 mm are not included. Corbicula made up
50% or more of the biomass at the depths where it occurred.
When Corbicula was excluded, however, the trend of biomass
closely followed that of density (compare Figure 15 with Figure
4). There was no clear trend with depth. Average total
biomass ranged from a high of 4.7 g/m2 at 15 meters to a low of
1.5 gm/m2 at 125 meters. Biomass without Corbicula showed no
clear trend, with lows from 1.2 to 1.3 g/m2 at 15, 45, and 125
meters and highs between 2.0 and 2.2 gm/m2 at 5 meters and 75
meters.
Mean biomass at 15 meters (Figure 16) showed an annual
{ variation from a spring and summer low near 0.9 g/m2 to a fall
) and winter high of 1.4 to 1.7 g/m2. Density showed a similar
progression (Figure 11) but the fluctuations were of such low
; magnitude (Table 2) that the differences are not statistically
I significant.
r 3. Benthic Diversity
t'
* Diversity, as measured by the number of species taken per
Ponar sample (Figure 17), increased from 5 to 15 meters, then
I dropped back to the levels seen at 5 meters in samples from the
1 25 and 45 meter intervals, then increased again in the deeper
samples to the same levels seen at 15 meters. This lack of a
I ^~ 22
_Figure 12. Mean density of attached fauna per square meter in
Lake Mead at 15 meters by month.
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Figure 13. Mean density of Corbicula fluminea per square meter
in Lake Mead at 15 meters by month.
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TABLE 2. T scores between monthly mean densities of benthic invertebrates.
Va lues of t for compar ison between density of infaunal benthos, l ess
Corbicula fluminea, at fifteen meters for the months January, March, July,
and October. T scores are presented in both the upper and lower triangles;
mean densi ty is reported in brackets along the d iagona l , n = 20,
signif icance level for t «* 1.7 for p > 0.1, 2.05 for p > 0.05.
1
1 [690.84]
3 .0051
7 1.037
10 .2174
3
.0051
[689.7]
1.1035
.2368
7
1.037
1.1035
[491.15]
1.5636
10
.2174
.2368
1.5636
[735.2]
25
1
Figure 14. Mean benthic biomass expressed as grams per square
meter in Lake Mead by depth (meters).
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^ Figure 15. Mean benthic biomass, minus Corbicula fluminea.
expressed as grams per square meter, in Lake Mead
by depth (meters).
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^Figure 16. Mean benthic biomass, minus Corbicula fluminea,
expressed as grams per square meter, in Lake
Mead at 15 meters by month.
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Figure 17. Mean benthic diversity in Lake Mead, expressed as
species per sample by depth (meters).
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clear trend with depth is common in oligotrophic lakes
(Brinkhurst 1974).
4. Ecological Distribution
A factor analysis has been completed for the October
sample set with eigenvalues greater than one being saved (Table
3). The first (largest) factor is interpretable as a depth
factor, separating deep stations (greater than 50 meters) from
shallow ones (Figure 18). This is confirmed by examination of
the factor loadings (Figure 19). The species significantly
loaded on factor one are all heavily loaded on Fl while not
having significant loadings on any other factor. Examination
of depth distribution of the species involved (Figures 20 to
22) shows that they are strikingly more abundant at deep
stations, and no other species showed a similar distribution
(compare Limnodrilus cervix with other tubificids in Figure
20).
No similarly obvious grouping of taxa can be discerned on
any of the other factors, although all are either more abundant
at depths of 50 meters or less or show no clear depth-related
distribution. We interpret this as indicating a primary
division of the macrobenthos into deep and shallow faunae, with
<> complex subdivision of the shallow fauna resulting from
i n d i v i d u a l i s t i c responses of the taxa along m u l t i p l e
environmental gradients. Figure 23 provides an example of such
responses between two related taxa, the tanypodine midges
Procladius freeman/ and Tanypus stallatus. The species have
quite different responses to depth, with 7. stellatus
decreasing monotonically with increasing depth, while P.
freemani reaches, maximum density at intermediate depths. This
is not an example of simple replacement as we at first
surmised, since the species are positively correlated
(r=0.3626) at the 0.001 level. If replacement were involved,
one species should occur in reduced numbers at stations where
the other was abundant, and they would be negatively correlated
in consequence. It would appear that the species are
responding similarly to some environmental factor at any single
station but responding differently to depth or to some factor| associated with depth. Qther examples, less clear cut, could
• be provided. Benthic distribution in Lake Mead is obviously
very complex, and additional study will be required to gain a| complete understanding of species responses to various
i environmental factors.
7 5. Corbicula flumineai
•r
<l Corbicula fluminea has been analyzed separately because
of its potential importance in food chains and as an infaunal
; dominant, both in numbers and in b iomass . The s i ze
-• distribution shows marked negative concavity (Figure 24). In
the October sample set, of 893 l i ve-co l lec ted individuals
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TABLE 3. Eigenvalue summary. Significant eigenvalues used in carrying out
a factor analysis of invertebrate species distributions in Lake Mead.
No.
1
2
3
4
5
6
7
8
9
10
11
12
Eigenvalue
3.3057
2.8221
2.6610
2.3259
1.9395
1.6117
1.5897
1.3815
1.3555
1.1183
1.0708
1.0409
Percent
11.02
9.41
8.87
7.75
6.47
5.37
5.30
4.61
4.52
3.73
3.57
3.47
Cumulative Percentage
11.02
20.43
29.30
37.05
43.51
48.89
54.19
58.79
63.31
67.04
70.61
74.08
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Figure 18. Distribution of benthic samples on Factors one
and two. Deep stations are surrounded by a
line.
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Figure 19. Plot of species loadings on Factors one and two,
Species significantly loaded on Factor two are
circled.
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Figure 20. Mean density of tubificid species per square meter in
Lake Mead by depth (meters).
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Figure 21. Mean density per square meter of the nematode,
Dorylaimus sp. in Lake Mead by depth (meters).
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<••»* Figure 22. Mean density of ostracods per square meter in Lake
Mead by depth (meters) .
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Figure 23. Mean density per square meter of Procladius freemani
and Tanypus stellatus in Lake Mead by depth (meters).
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Figure 24. Size distribution of Corbicula fluminea.
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measured, the 0.5-1.4 mm size class contained 559 individuals,
while the 4.5-5.4 mm class contained only 7, and larger sizes
to 44 mm contain no more than 1 or 2 individuals per size
interval. Approximately 20% of the January sample set so far
measured show a similar distribution. Of 1064 individuals
measured, the 0.5-1.4 mm class contains 825 clams, while the
4.5-5.4 mm range contains only 3. This distribution strongly
suggests heavy utilization by a predator or predators which
cannot manage clams above 6 mm length.
Seasonal variation in density is shown in Table 4.
Densities peak in mid winter, are slightly less in spring, then
are drastically reduced by mid summer. Fall densities increase
slightly as summer reproduction begins to achieve sizes
retained by the screen mesh size used in the sieve buckets.
B. Discussion
It had been anticipated, on the basis of the limited
previous studies (Melancon 1977), that both diversity and
density of benthic invertebrates would be low. In fact, both
the taxonomic diversity and the densities found to date have
been surprisingly high for an oligotrophic system (Brinkhurst
1974).
The apparent lack of any trends in benthic densities with
depth contrasts strongly with the classical theoretical curves
for lake trophic types (Brinkhurst 1974). At this time, little
data are available to test any specific hypotheses, but it
seems likely that the high dissolved oxygen content and
relatively high temperature of the hypolimnion are involved.
In the classic cold temperate, dimictic lakes, from which the
curves were derived, hypolimnic oxygen becomes depleted during
the summer, and the hypolimnion is much colder than in Lake
Mead.
Minckley (1979) has discussed biomass in Lake Havasu, a
reservoir on the Colorado River below Lake Mead. Biomass
decreased downstream from the river inflow, from 0.2 gm/m2 in
the upper parts of the lake to 0.027 g/m2 near Parker Dam.
This is drastically below Lake Mead's values of 0.9 to 2.2
g/m2. Values in the Bill Williams Arm of Lake Havasu were 2.06
g/m2, much closer to those for Lake Mead. Minckley (1979)
attributed low benthic densities and biomass in Lake Havasu to
low particulate content in inflow from the Colorado River, due
to nutrient traps upstream. In the Bill Williams River only a
single potential nutrient trap existed upstream, the small
Alamo Reservoir. Thus the Bill Williams Arm might be expected
to receive more nutrients. Unfortunately, nutrient analyses
were not performed in the Bill Williams Arm. Nitrate and total
phosphorus levels reported from the main body of Lake Havasu by
Minckley in 1979 were similar to levels found by Paulson and
Baker (1984) in 1981 and 1982 and were also similar to levels
1 39
TABLE 4. Mean Corblcula densities by depth. Mean densities of Corbicula
fluminea expressed as number per square meter, by depth. The upper numbers
are the mean density, the lower numbers in parentheses are ± the standard
error of the mean and the number of samples.
5 m
January
1019
(±269,13)
March
NA1
July
NA
October
166
(±38,46)
15 m
1175
(±280,25)
922
(±203,20)
112
(±32,20)
135
(±36,46)
25 m
725
(±210,12)
NA
NA
149
(±36,37)
45 m
1330
(±0,1)
494
(±0,1)
209
(±0,1)
178
(±76,8)
75 m
0
(±0,1)
0
(±0,1)
0
(±0,1)
6
(±4,6)
125 m
21
(±15,11)
3
(±3,6)
19
(±14,6)
20
(±5,19)
1 Samples were not analyzed from these depths.
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in Lake Mead. Lake Havasu orthophosphorus levels in 1981 and
1982 were also similar to Lake Mead levels (Minckley did not
report orthophosphorus). If one assumes that, in fact,
nutrient levels in the Bill Williams Arm were higher than in
the body of Lake Havasu, then the question arises: Why do Lake
Mead biomass levels not resemble the main body of Lake Havasu,
rather than levels in the Bill Williams Arm?
It is at least arguable that the higher levels of benthic
biomass in Lake Mead upstream from the enriched inflow of Las
Vegas Wash, as compared to those in Lake Havasu, are
attributable to nutrient input in the form of particulate
organic material from the numerous washes draining into the
lake. In this respect, it is noteworthy that in the Virgin
Basin, where benthic densities are quite low, densities in
Bonelli Bay, which receives runoff from the large Detrital
Wash, are among the highest in Lake Mead, and even the quite
small Little Gyp Beds wash supports densities nearly an order
of magnitude larger than the basin at large. It would be
interesting to know what benthic densities are in the areas
influenced by the rather few washes which flow into Lake
Havasu. Another possible factor is that Lake Havasu has a
quite short retention time, about 0.1 years (Paulson and Baker
1984). Much of the phytoplankton in Lake Havasu is likely to
be lost through Parker Dam. In Lake Mead with its much longer
retention time (3.7 years), in contrast, most plankton dies
within the lake and sinks to the bottom, so that a larger
proportion of the severely limited organic matter becomes
available to the benthos.
A major problem is that comparable benthic data sets are
not available for other reservoirs in the region. Minckley's
(1979) data are the only other extensive benthic data set
available for the lower Colorado River. However, the only
reservoir of any size studied, Lake Havasu, was represented by
a total of 27 samples from the main body of Lake Havasu and
only seven from the Bill Williams Arm. Seasonal variation was
not addressed in Minckley's report.
Melancon (1977), using the same sampling methodologies,
found a total of 25 species belonging to 17 genera and four
phyla, when her taxonomy is adjusted to present standards. Her
study involved quarterly quadruplicate sampling of six stations
in Las Vegas Bay over an 18-month period. Analysis of the
preliminary samples taken for the present study yielded 55
species belonging to 50 genera, despite less intensive effort
over a much shorter time (Pollard et al. 1986). Nine phyla
were represented in the samples. Analysis of samples from the
first quarterly survey (October 1986) and partial analysis of
the January, March, and July 1987 samples has expanded the
species list (Table 5) still further. The known benthic fauna
of Lake Mead now consists of 90 species belonging to 72 genera
and 10 phyla. The only invertebrate phyla known from fresh
41
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TABLE 5. Species 11st for Lake Head benthos study.
PHYLUM PORIFERA
Family Spongillidae
00001 Eunapius fragilis (Leidy)
PHYLUM COELENTERATA
Family Hydridae
00120 Hydra oligactis (Pallas)
Family Clavidae
00191 Cordylophora lacustris Allman
Family Petasidae
00196 Craspedacusta sowerbyi Lankester
PHYLUM PLATYHELMINTHES
Family Planariidae
00208 Dugesia tigrina (Girard)
Family Macrostomidae
00452 Macrostomum sp.
Family Prorhynchidae
00765 Prorhynchus stagnaTis Schultze
PHYLUM NEMERTEA
01999 Prostoma graecense (Bohmig)
PHYLUM ROTATORIA
02500 Limm'as sp.
PHYLUM NEMATODA
Family Dorylaimidae
04501 Dorylaimus sp.
I (Continued)
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TABLE 5. (Continued)
Family Mermithidae
04502 Paramermis sp.
PHYLUM BRYOZOA
Family Paludicellidae
07002 Paludicella articulata (Ehr.)
07003 Pottsiella erecta (Potts) -
Family Plumatellidae
07027 Stole!la indica Annandale
07036 Plumatella casmiana Oka
07040 Plumatella repens (I.)
PHYLUM ENTOPROCTA
Family Urnatellidae
07099 Urnatella gracilis Leidy
PHYLUM ANNELIDA
Family Naididae
08126 Chaetogaster diaphanus (Gruithuisen)
08127 Chaetogaster diastrophus (Gruithuisen)
08142 Dero digitata (Muller)
08189 Naias pseudobtusa Piguet (Melancon)
08191 Naias variabilis Piguet
08226 Pristina longisoma Harmon
08228 Pristina plumaseta Turner
08230 Pristina synclites Stephenson
(Continued)
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TABLE 5, (Continued)
Family Tubificidae
08321 Branchiura sowerbyi Beddard
08347 Limnodrilus cervix Brinkhurst
08350 . Limnodrilus hoffmesteri Claparede
08351 Limnodrilus hoffmeisteri, form spiral is
08381 Potamothrix bavaricus (Oschmann)
08531 Tubifex tubifex (Muller)
CLASS HIRUDINEA
Family Pisciolidae
08686 Myzobdella lugubris Leidy
PHYLUM ARTHROPODA
CLASS CRUSTACEA
Order Cladocera
Family Macrothricidae
09091 Ilyocryptus sordidus (Lieven)
Family Chydoridae
09178 Pleuroxus denticulatus Birge
Order Ostracoda
Family Candonidae
10020 Candona sp., near 10027 C.caudata.
Family Cypridae
10204 Cypridopsis vidua (Muller)
10250 Eucypris sp.
10270 Herpetocypris sp.
(Continued)
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TABLE 5. (Continued)
Family Limnocytheridae
10402 Limnocythere glypta Dobbin
10404 Limnocythere inopinata (Baird)
Order Amphipoda
Family Talitridae
10802 Hyalella azteca (Saussure)
Order Decapoda
Family Astacidae
11721 Procambarus clarkii (Girard)
CLASS ARACNOIDA
Order Acarina
"Hydracharina"
12067 Piona sp.
Suborder Oribatei
12201 Hydrozetes.. sp.
CLASS INSECTA
Order Plecoptera
15000 Undetermined species
Order Ephemeroptera
Family Baetidae
16083 Baetis sp.
Order Odonata
Family Aeshnidae
17200 Undetermined species (sight record)
(Continued)
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TABLE 5. (Continued)
CLASS PELECYPODA
42001 Corbicula fluminea (Muller)
42057 Pisidium casertanum (Poli)
42066 Pisidium rotundatum Prime
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water, which have not yet been collected from the lake, are the
Gastrotricha and the Tardigrada, whose specialized habitats
have not been investigated.
Some interesting zoogeographic records are represented in
the fauna (Table 5). The colonial hydroid, Cordylophora
lacustris, was a surprise. Previously, the species has been
known only from brackish and coastal fresh waters on the
Atlantic and Pacific coasts, with inland stations reported only
from Lake Erie and a single station in Arkansas (Pennak 1978).
In Lake Mead it forms a coating on buoy anchor ropes, submerged
tree branches at about 15 meters or below, and is fairly common
on unsedimented rock surfaces. Prostoma graecense, Pottsiella
erecta, Stolella indica, Urnatella gracilis, Branchiura
sowerbyi, and Potamothrix bavaricus are all new records for the
inland west, most of them not previously known from west of the
Great Plains in North America (Pennak 1978; Edmondson 1959).
The midge, Hirthella modocensis, has previously been known only
from California (Sublette 1960). Among the ostracods, Candona,
Eucypris, and Herpetocypn's appear to be undescribed species,
while the two species of Limnocythere have not previously been
taken south of Washington state (Tressler 1959).
The increase of mean densities of Corbicula between
October 1986 and January 1987 is striking. Although only
slightly less than half of the January samples are represented
in the results, the total number of specimens recovered is more
than twice as large (2783 vs. 1089). The size distribution
curve (Figure 24) is based on only 18 of the 52 January samples
which have yielded living Corbicula. Examination of the curve
reveals that although the total number of specimens graphed for
January (1064) is slightly greater than for October (893), the
numbers for each size class are equal or smaller in January,
except for the smallest (0.5-1.4 mm) class which is markedly
larger. Enlargement of the lower end of the curve (Figure 25)
makes the relationships clearer. If one assumes that the
measured subset of the January samples of Corbicula accurately
reflects the size distribution of the entire sample set, then
doubling the number graphed for each size class should provide
a reasonably accurate approximation for the entire paradigm.
In that case, the 0.5-1.4 mm size class should be about three
times as large as the same class in October, the 1.5-2.4 mm
class slightly less thaln twice the earlier set, and larger
classes approximately equal in size. This strongly suggests
that the entire increase in density between October and January
is due to recruitment.
Studies of growth rates in Corbicula fluminea (Kraemer
and Galloway 1986) suggest that growth to 0.5 mm requires about
two months after release of the pediveliger. Juveniles could
not be raised to the byssal stage of about 1 mm but the convex
shape of the normal logarithmic growth curve suggests that this
could not take less than another two months. Application of
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Figure 25 Size distribution of smaller Corbicula fluminea for
October (cross hatched) and January (black).
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th is growth rate to our resul ts sugges ts that re lease of
pediveligers in Lake Mead must have begun sometime in June for
the smallest clams taken in October, with release of clams
around 2 mm long in October having occurred sometime during the
spr ing. Large re l eases occurring after m id -Augus t are
necessary to account for the large increase in the numbers of
small clams in the January samples. Clams too small to be
taken in the October samples must have been less than two
months post-release.
Both the extremely concave size distribution (Figure 24)
and the great reduction in density between January and July
(Figure 13) suggest that utilization of the smaller sizes of
Corbicula is heavy. Utilization of Corbicula between January
and July is approximately 89% of the January s tock. The
contr ibution of Corbicula to the total b iomass is large,
exceeding 50% of the total biomass in January.
The depths at which Corbicula has been found in the
present study (Figure 26) are surprising. The greatest
previous depth record is that of Fast (1971) who found it
common at a maximum depth of 28 meters, when El Capi ta l
Reservoir in San Diego County, California, was artificially
destratified. Under normal conditions, Corbicula was common to
12 to 14 meters and reached a maximum depth of 26 meters. Fast
(1971) considered low oxygen tensions in the hypolimnion during
normal stratification to be the limiting factor. In Lake Mead,
Corbicula fluminea is common to depths of 60 meters and occurs
in low densities at 143 meters, the deepest station sampled.
The hypolimnic dissolved oxygen remains high throughout the
year in Lake Mead.
Corbicula is apparently breeding at profundal depths in
Lake Mead. Densities are essentially the same from 5 meters to
25 meters. At depths over about 35 meters, dens i t ies are
abruptly much lower. Also, large adult shells are found to- at
least 32 meters (station BC4 in Las Vegas Bay), whereas at
greater depths, shells larger than about 10 mm in length have
not been taken. This suggests that breeding is occurring down
to depths of approximately 30 meters, while at greater depths,
occasional larvae settle which originated in shallower water.
A frequency .analysis of stomach contents of game fish in
Lake Mead was carried out by Deacon et al. (1972). Benthic
organisms were insignificant in striped bass (Morone saxatilis)
stomach contents. Largemouth bass (Micropterus salmoides) made
little use of benthos during the summer, when their stomach
contents were composed mostly of f ish, but from December
through Apri l their diet cons i s ted a lmost ent irely of
chironomids. Bluegill (Lepomis macrochirus) relied heavily on
benthos; the frequency of chironomids reached 96% in June.
Green sunfish (Lepomis cyanellus) relied almost entirely on
benthos. Channel ca t f i sh (Ictalurus punctatus) a lso made
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Figure 26. Mean density per square meter of Corbicula fluminea
in Lake Mead by depth for each sampling period.
Legend refers to the month of each sampling effort.
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significant use of benthos, chironomids reaching a frequency of
75% in May, although only 19% in October. Thus, of the two
primary game fish in Lake Mead, one (striped bass) made
virtually no use of the benthic biomass, while the other
(largemouth bass) was dependent upon it for winter survival.
The third most sought game fish in the lake (channel catfish)
also made use of the benthos. The small centrarchids (bluegill
and green sunfish), while not much utilized in themselves, are
of importance as forage species for largemouth bass, and they
were almost entirely dependent upon benthos.
Results of green sunfish stomach content analysis
undertaken for this study (Table 6) agree with the earlier
results of Deacon et al. (1972). In February 1987, 54% of the
stomachs were empty because weather forced a three-day delay in
picking up the traps. Of the stomachs containing food, 56.8%
(25.9% of the total) contained benthos while 54% (24.7% of the
total) contained zooplankton. In March, empty stomachs made up
only 25% of the sample. Benthic organisms occurred in 71.8% of
the stomachs with contents (54.8% of the total) while
zooplankton occurred in 59% (44.2% of the total). When biomass
is considered, benthos probably constitute over 90% of the
diet.
Utilization of Corbicula fluminea is unclear although the
population structure (Figure 24) makes it obvious that
Corbicula is being heavily utilized. Minckley (1979) conducted
a frequency analysis of fish stomach contents in the lower
Colorado River. Of the species found also in Lake Mead, he
found that Corbicula occurred in carp (Cyprinus carpio)
stomachs with a frequency of 46.7%, the largest frequency for
any food item for that species. Corbicula was also significant
in the diet of channel catfish (Ictalurus punctatus) with a
frequency of 29.2%, the most important single constituent for
that species. In the absence of stomach analyses for carp, and
of recent analyses of channel catfish, it is impossible to be
certain, but it seems likely that these are the species
utilizing Corbicula in Lake Mead.
VI. THE LAKE MEAD CRAYFISH STUDY: RESULTS AND DISCUSSION
A. Results
1. Relative Abundance of Crayfish
In spite of intensive trapping efforts (1834 trap-
days, summarized in Appendix 2 and 3), the number of
crayfish (80 total) collected from the lake during the
first year of the study was very low (Table 7). Limited
trapping conducted in areas where crayfish populations
could be observed ver i f ied that the traps funct ioned
adequately for sampling crayfish. Counts from individual
coves of the lake were inconsis tent between sampl ing
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TABLE 6. Green sunfish (Lepomis cyanellus) stomach contents. Frequency
analysis of Lepomis cyanellus gut contents. Numbers represent the number
of digestive tracts from which the taxon was recovered and its percentage
frequency. Total benthos includes all the taxa above it plus other benthic
taxa occurring at low frequencies.
February - n = 81
Empty
Chironomidae
Ostracoda
Gastropoda
Total benthos
Crayfish
Zooplankton
March - n = 52
Empty
Chironomidae
Ostracoda
Gastropoda
Total benthos
Crayfish
Zooplankton
Number
44
14
2
6
21
5
20
13
18
4
6
28
1
23
Frequency %
54.3 %
17.3 %
2.5 %
7.4 %
25.9 %
6.2 %
24.7 %
25.0 %
34.6 %
7.7 %
11.5 %
54.8 %
1.9 %
44.2 %
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T A B L E 7. Re la t i ve abundance measured by catch per trap day (CPTD) of
crayfish for Fall 1986 from selected sites.
SITE CPTD
Lake Mead-Lakewide 0.06
Lake Mead-Cove 26 1.00
(Highest abundance in the lake)
Overton Wildlife Management Area 1.30
Flamingo Wash (Las Vegas) 11.30
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dates. Crayfish could be caught one month at a site but
not the next. Often, many of the traps in a set were
empty when collected.
Lakewide relative abundances were 0.06 CPTD (catch
per trap day) (Table 7). Somewhat higher CPTD were found
in Cove 26 (Fish Hatchery Cove) and Overton Wildlife
Management Area, 1.00 and 1.30, respectively. The
highest CPTD (11.3) was found at Flamingo Wash, upstream
of the lake. It is possible that a higher CPTD value in
areas like Flamingo Wash is the result of the combined
effects of higher productivity and lower predation levels
than in the lake.
2. Distribution of Crayfish
A total of 97 coves in Lake Mead were trapped for
crayfish during the first year of the study. Crayfish
were found in all parts of the lake (Figure 27). At
least one crayfish was collected at some time during the
year from thirty of the coves (Appendix 4). Crayfish
were present in isolated populations in the Colorado
River Arm, the Overton Arm, and Virgin Basin regions of
the lake. Crayfish were found in more coves located in
the middle and outer areas of Las Vegas Bay than any
other part of the lake.
Crayfish populations were also located in areas
near the lake during the study (Figure 27). Crayfish
were observed in two springs which flow into the Colorado
River Arm and were found in the Overton Wildlife
Management Area. Citizens of Las Vegas also reported
crayfish inhabiting several washes in metropolitan Las
Vegas (upstream from sewage treatment facilities).
Populations were trapped in Flamingo Wash, located near
the University of Nevada-Las Vegas (Figure 3).
Table 8 summarizes crayfish CPTD for the nine
limnological zones identified in Lake Mead. Crayfish
CPTD was highest in Zone 2, outer Las Vegas Bay, with a
value of 0.10. All other areas had considerably lower
values for CPTD (range of 0.01-0.03). Crayfish
populations -are prbbably enhanced by a number of factors
in this area. Zone 2, outer Las Vegas Bay, benefits from
higher fertility without the problems associated with the
extreme concentration of nutrients in the Inner Bay.
Crayfish may be excluded from inner Las Vegas Bay because
of ammonia toxicity. In addition, suitable growth of
submerged macrophytes for crayfish cover may be inhibited
due to high turbidity levels. In other areas of the
lake, crayfish populations may be reduced due to minimum
levels of plants for cover and higher predation rates
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Overton Wildlife
Management Area
Virgin River
Procambarus clarkii
in Lake Mead
LEGEND
Shoreline Elevation 366 m
0 5 km
Las Vegas
Bay
Hemenway
Harbor
Spring Fed Coves
Figure 27. Distribution of Proca'nbarus clarkii in Lake Mead from trap catches
(October 1986 - July 1987).
T A B L E 8. Re la t i ve abundance measured by catch per trap day (CPTD) for
crayfish in nine 1 imnological zones of Lake Mead from one year of sampling
(1986-1987).
ZONE CPTD
1 Inner Las Vegas Bay 0.02
2 Outer Las Vegas Bay 0.10
3 Boulder Basin 0.02
4 Virgin Basin 0.02
5 Lower Overton Arm 0.02
6 Upper Overton Arm 0.03
7 Lower Colorado River Arm 0.01
8 Middle Colorado River Arm 0.01
9 Upper Colorado River Arm 0.02
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resulting lower levels of shad as forage for game fish
(NDOW, unpublished data; Paulson, unpublished data).
Relative abundance (CPTS=catch per trap set) of
crayfish with respect to four m a i n h a b i t a t
characteristics was evaluated (Table 9). Habitat types
were chosen according to characteristics associated with
the ability to provide cover for crayfish and included
vegetated, brush, rubble, and mud types. Mud was
included because P. clarkii frequently inhabits burrows,
and they can also hide in soft sediments (Penn 1943).
Crayfish were trapped in association with all four
habitat types. Crayfish catch (CPTS) was highest in
relation to submerged vegetation during October,
December, February, and April (CPTS=0.58, 1.91, 0.50, and
0.17, respectively) relative to other habitat types.
Brush was of secondary importance to vegetation during
these months (CPTD=0.39, 0.96, 0.47, and 0.11) and was
most important when plants were not sampled. Rubble and
mud were least important in relation to vegetation and
brush in most months sampled (CPTD ranged from 0.10 to
0.39 and 0.0 to 0.33, respectively). Aquatic vegetation
is probably important as cover to protect against
predation for crayfish in Lake Mead as has been reported
for P. clarkii in Louisiana (Konikoff 1977) and for other
species of crayfish (Saiki and Tash 1979).
Crayfish distribution with depth was also evaluated
(Table 10). Traps were set at a variety of depths (from
0.5 meters to 20 meters) in October and December.
Crayfish were found at depths of 1 to 6 meters in October
but were concentrated at 2-3 meters (CPTS=0.79). In
December, crayfish were caught in water deeper than 15
meters but the highest concentrations occurred at 5-6
meters (CPTS=1.00). Subsequent sampling efforts were
concentrated at depths of 5 meters or less since crayfish
appear to primarily inhabit these depths. It was also
necessary to limit the depth at which traps were placed
so habitat characteristics could be accurately
documented.
Seasonal changes in depth distribution patterns
were evident. October was the only month that crayfish
were trapped at depths of less than 2 meters. In May,
July, and October crayfish were concentrated at 2-3
meters (CPTS=0.60, 0.63, and 0.79, respectively) and were
rarely caught in traps placed in deeper water. In
December through April, crayfish were more dispersed and
showed higher concentrations at greater depths. Highest
values for CPTS for these months were at 5-6 meters
(1.00) in December, 3-4 meters (0.67) in February, and 6-
10 meters (0.50) in April. Crayfish were found only at
2-3 meters (CPTS=1.00) in March, but this is probably a
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TABLE 9. Relative abundance measured by catch per trap set (CRTS) of crayfish
by habitat type from October 1986 - July 1987.
DATE HABITAT CRTS8
OCT
DEC
FEE
MAR
APR
MAY
JULY
Vegetated
Brush
Rubble
Mud
Vegetated
Brush
Rubble
Mud
Vegetated
Brush
Rubble
Mud
Vegetated
Brush
Rubble
Mud
Vegetated
Brush
Rubble
Mud
Vegetated
Brush
Rubble
Mud
Vegetated
Brush
Rubble
Mud
0.58
0.39
0.22
0.19
1.91
0.96
0.39
0.00
0.50
0.47
0.38
0.33
NS
0.24
0.21
0.08
0.17
0.11
0.10
0.11
NS
0.26
0.18
0.20
0.00
0.43
0.29
0.00
a Data from some trap sets are included in abundance estimates of more than
one habitat type, because more than one habitat type was noted for a set of
traps.
NS = Not sampled.
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TABLE 10. Relative abundance measured by catch per trap set (CRTS) estimates
for crayfish by depth (meters) between October 1986 and July 1987 at all sites
sampled.
MONTH
OCTa
DEC
FEB
MAR
APR
MAY
JUL
<2
0.38
0.00
0.00
0.00
0.00
0.00
0.00
2-3
0.79
0.57
0.29
1.00
0.20
0.60
0.63
3-4
0.25
0.25
0.67
0.00
0.06
0.25
0.25
DEPTH
4-5
0.00
0.57
0.00
0.00
0.17
0.00
0.00
111
5-6
0.20
1.00
0.33
0.00
0.00
0.00
NS
6-10
0.00
0.00
0.00
NS
0.50
0.00
NS
10-15
0.00
NS
NS
NS
NS
NS
NS
>15
0.00
0.50
NS
NS
NS
NS
NS
a Number of traps per set in October was five and eight traps per set were
used for all other months.
NS = not sampled.
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consequence of small sample size. The h i g h e r
concentration of crayfish at 2-3 meters during May
through October probably relates to higher abundance of
submerged aquatic macrophytes (Haley et al. 1987).
3. Seasonal Abundance of Crayfish
Trap results for each month showed that slight
changes in CPTD occurred seasonally (Table 11). On a
lakewide basis, trap returns were higher in October
(0.062) than in April (0.015). This seasonal pattern in
CPTD was also observed in Las Vegas Bay. CPTD of
crayfish decreased steadily from 0.100 in October through
the winter until April when CPTD was 0.015. Values
increased again by July to 0.054. These data may reflect
lower adult population numbers in the spring than other
times of year. It is also possible that low spring
values are related to low aquatic macrophyte cover values
during that season (Haley et a7. 1987) resulting in a
dispersal of crayfish from littoral zones (Saiki and Tash
1979).
Seasonal variation in relative abundance of
crayfish was found for sites monitored in Las Vegas Bay
(Table 12). Crayfish were not caught in traps from Zone
1 during October and December 1986 and July 1987.
Abundance of crayfish was at low levels in February 1986
to May 1987 (CPTD ranging from 0.02 to 0.04). Steady
changes occurred in numbers of crayfish trapped from Zone
2. CPTD ranged from 0.25 in October to zero in March and
back up to 0.08 in July. Crayfish abundances from
control sites in Boulder Basin fluctuated from CPTD
values of 0.0 to 0.16 with no apparent pattern. Zero
catches of crayfish in the inner bay correspond to
periods of high ammonia levels. Changes in Zone 2 agree
with seasonal patterns of crayfish trap results (Table
11). The inconsistency of trap catches in Boulder Basin
sites cannot be explained.
4. Life History of Crayfish
Due to the nature of trap catches, only limited
data on life history has been gathered. Crayfish sizes
ranged from 14 mm to 58 mm carapace length in trap
catches. Adult crayfish were captured in all months
sampled (Table 13). The percent of immature crayfish in
trap catches was highest in April (42%) and May (50%).
Ratio of female to male crayfish in monthly trap
catches ranged from a low of 0.33 in March to a high of
9.00 in January (Table 14). Extreme fluctuations may be
a consequence of small sample sizes. However, values
less than 1.0 during February through May may reflect a
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TABLE 11. Seasonal changes in relative abundance of crayfish measured by
catch per trap day (CPTD) in Lake Mead for October 1986-July 1987.
AREA DATE CPTD
LAKEWIDE OCT 0.06
APR 0.02
LAS VEGAS BAY OCT 0.100
DEC 0.091
FEB 0.044
MAR 0.026
APR 0.015
MAY 0.033
JUL 0.045
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TABLE 12. Relative abundance measured by catch per trap day (CPTD) of
crayfish from three limnological zones of Boulder Basin (l=Inner Las Vegas
Bay, 2 = Outer Las Vegas Bay and 3= Boulder Basin Control Sites) between
October 1986 and July 1987.
DATE ZONE CPTD
OCTOBER 1 0.00
2 0.25
3 0.03
DECEMBER 1 0.00
2 0.09
3 0.16
FEBRUARY 1 0.04
2 0.02
3 0.04
MARCH 1 0.02
2 0.00
3 " 0.08
APRIL 1 0.03
2 0.02
3 0.00
MAY 1 0.02
2 0.02
3 0.13
JULY 1 0.00
2 0.08
3 0.13
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TABLE 13. Proportion of immature (carapace length < 30 mm) crayfish to adult
crayfish (carapace length > 30 mm) in trap catches from Lake Mead in October
1986-July 1987.
MONTH
Oct
Dec
Jan
Feb
Mar
Apr
May
Jul
# ADULTS
17
18
10
7
4
7
2
4
# IMMATURES
1
2
0
0
0
5
2
0
TOTAL
17
20
10
7
4
12
4
4
% IMMATURES
6
10
0
0
0
42
50
0
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TABLE 14. Sex ratios of crayfish in trap catches from Lake Mead from October
1986-July 1987.
NUMBER NUMBER
DATE MALES FEMALES F/M
OCT 12 6 0.50
DEC 9 11 1.22
JAN 1 9 9.00
FEB 4 3 0.75
MAR 3 1 0.33
APR 6 5 0.83
MAY 3 1 0.33
JUL 3 3 1.00
TOTAL 41 39 0.95
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period when female crayfish burrow or go into seclusion.
Over the year, the ratio of female to male crayfish
caught was 0.95. This agrees with female:male ratios
reported by Penn (1943).
Timing of reproduction could not be evaluated based
on our first year of observation. Only one female with
young was observed from the lake during the study
(reported in December). Determination of the repro-
ductively mature crayfish from external characteristics
is difficult so we have not presented data on the
reproductive maturity of crayfish from Lake Mead at this
time. However, techniques have been improved so this
information will be obtained in future work. It may be
possible to use chelae measurements taken during the
first year of study to evaluate Form I (reproductively
mature) males once enough data has been accumulated to
verify size relationships. Weagle and Ozburn (1976) have
demonstrated differences in the size of chelae as related
to carapace length for Orconectes vin'lus Form I and Form
II males.
Limited data regarding juvenile crayfish was
obtained by examination of sunfish stomachs from fish
. trapped in February and March 1987. Crayfish from 5-15
mm carapace length were found in fish stomachs (Table
15). Both green sunfish and bluegill were found to
consume crayfish.
5. Juvenile Sunfish Abundance Levels
Counts by divers on submerged Christmas trees in
Lake Mead indicate that relative abundance of juvenile
bluegill was higher than that for juvenile green sunfish
(Haley et al. 1987). Data collected during trapping of
crayfish showed that juvenile green sunfish population
levels in Lake Mead were higher than expected. Juvenile
sunfish were trapped consistently during the study
(Appendix 2 and 3). Relative importance of green sunfish
(81% of trap catch) was highest in trap catches over
bluegill (13%) and crayfish (6%). The high abundances of
green sunfish in Lake Mead is important in evaluating the
benthic food web.
Crayfish have been shown to be an important
component in the diets of green sunfish (Minckley 1982).
Densities of P. clarkii in study ponds were severely
reduced when green sunfish were present (Huner et a/.
1981). Green sunfish may be partially responsible for
reducing crayfish population levels in Lake Mead. Green
sunfish may compete with game fish for benthic food
sources or may provide another source of food to game
fish.
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TABLE 15. Juvenile crayfish found in juvenile sunfish (gs=green sunfish, bg=
bluegill) stomachs collected in February and March 1987.
DATE
Feb
Feb
Feb
Feb
Feb
Mar
Mar
SITE
25
25
25
25
34
BC-3.5
25
FISH
SPECIES
gs
gs
gs
gs
gs
gs
bg
SIZE8
70
36
83
78
63
105
42
CRAYFISH
SIZE6
15
digested
10
digested
5
15
small
a Total length of fish
b Carapace length
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B. Discussion
An extensive trapping effort was conducted in Lake Mead
to evaluate distribution and relative abundance of crayfish.
Procambarus clarkii has definitely become established in Lake
Mead and is distributed throughout the lake. Although trap
catches were low, crayfish were taken from all zones of the
lake. Crayfish were trapped over an entire year, and
individuals were collected from all life stages.
Population levels of P. clarkii, however, appear to be
very low. A CPTD of one and less in Lake Mead reflects
extremely low densities when compared to values of 1-84 CPTD
which reflects moderate to high densities found in studies of
southern swamps (Konikoff 1977; O'Brien 1977; Pollard et al.
1983). However, these extremely low densities were not
expected. Numerous reports from fishermen and stomach analysis
of game fish reflect that crayfish are being utilized heavily
during certain times of the year as fish forage (Albert and
Baker 1982; NDOW 1981-1984). Reports from divers also suggest
that crayfish densities in some parts of the lake may be higher
than those reflected by our trapping results (Suzanne Leavitt,
Lake Mead L i m n o l o g i c a l Research Center, personal
communication).
These inconsistencies are partially explained by the fact
that trapping was primarily done in shallow littoral zones
where it was expected that crayfish would be most abundant.
However, aquatic vegetation in Lake Mead has a scattered
distribution (Haley et al. 1987) and P. clarkii has possibly
adapted to alternative habitats such as large boulder areas in
deeper parts of the lake. This distribution would explain the
presence of crayfish in game fish stomachs since crayfish
located in deeper water would be available to game fish which
are excluded from shallow water when temperatures are too warm.
Generally, limnological conditions of Lake Mead should
not limit crayfish population levels. P. clarkii can tolerate
low oxygen levels (1.0 mg/1), and the temperature range of Lake
Mead (min=11.0°C, max=32.0"C) (Paulson et al. 1980) is within
ranges reported for P. clarkii from other habitats (Taylor
1984; Konikoff 1977; O'Brien 1977; Jaspers 1969). Although
alternative forms of cover exist, such as brush and cobble,
lack of adequate plant growth may be l i m i t i n g crayfish
populations in littoral zones. Vegetative cover has been shown
to be very important in regulating fish predation on crayfish
in reservoirs (Saiki and Tash 1979).
Crayfish abundances were enhanced in some areas with
higher nutrient levels. Crayfish population levels were found
to be higher in Zone 2 where nutrient levels and productivity
were elevated by wastewater discharge from Las Vegas Wash, but
the effects of oxygen depletion or toxicity problems are not
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limiting population levels as in Zone 1. Enhanced nutrient
levels in this zone of the lake probably benefi t c ray f i sh
populat ions both directly through higher product iv i ty and
indirectly by decreas ing predation pressure s ince shad
population levels have also been higher. Reports show that
striped bass shift from shad, their preferred source of food,
to crayf ish in the spring when shad levels are low (NDOW
1981).
Low levels of crayf ish in Zone 1 are of part icular
interest, since the effect of waste water entering the lake on
organisms is important. A large marshy area exists at the
mouth of the wash which appears to be typical habitat for P.
clarkii. Higher abundances of crayfish were expected from this
region in relation to the lake. Additional work needs to be
done in the inner Las Vegas Bay to determine whether toxic
conditions are responsible for low abundances of crayfish in
this part of the lake.
Since P. clarkii are generally more common in swamp
habitats (Konikoff 1977; Penn 1959), we evaluated why P.
clarkii was found in Lake Mead. P. clarkii may have moved into
Lake Mead from several sources with more typical habitat
adjacent to the lake. P. clarkii is widely d ispersed in
southern Nevada, particularly in marshy areas surrounding the
lake. Crayfish are very abundant in the wash system draining
Las Vegas above the waste water treatment plant. Other sources
of crayfish include the Overton Wildlife Management Area and
two springs which flow into the Colorado River Arm. These
areas act as refuges because they have higher productivity and
little or no predation pressure. Large f ish are most ly
excluded from these habitats. Studies on P. clarkii in
Louisiana show that backwater swamps can act as refuges for
lakes where predation is a factor limiting crayfish populations
(Konikoff 1977).
The life history data obtained in this study generally
agrees with what we would expect for P. clarkii, but not enough
information has been collected to explain or predict patterns
observed in trap catches. The lower relative abundance of
crayf ish in the spring could be explained by a number of
factors. It corresponds to periods reported by Penn (1943)
when adult populat ion leve ls were low due to mortal i ty of
adults after reproductive exhaustion. It may also be related
to migration of adults into burrows or to deeper water during
low plant availability or in response to temperature.
P. clarkii individuals may live longer than one year in
Lake Mead s ince we cont inued to col lect large adults into
spring and summer collections. The number of immature adults
(carapace > 15 and < 30 mm) was highest in the spring, which
indicates a summer mating season and fall production of young.
Sizes of juveniles (carapace < 15 mm) found in fish stomachs in
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February and March agree with this but may reflect an extended
or slightly later period of release. Penn (1943) reported
release of young through September. The female with young from
the lake was reported in December, which is somewhat later than
swamp populations. Other differences in lake conditions may
cause significant shifts in timing of reproductive events.
Breeding may be less synchronized in Lake Mead since droughts
do not force crayfish to burrow.
Traps have proven to be effective in surveying an
extensive area such as Lake Mead. A large area can be covered
in a reasonable period of time. The use of traps should also
prove beneficial in the development of a monitoring program to
evaluate the effect of other research programs on population
levels of crayfish and juvenile fish.
Other collection methods, such as seining or diving, are
impractical on a lakewide basis but need to be utilized in
areas where crayfish populations are known to exist to increase
the amount of information we can gather. Traps proved to be
inadequate for collecting life history data in Lake Mead as has
been reported in other studies (Lodge et a7. 1986; Flint and
Goldman 1977). These studies often incorporate several
sampling techniques according to the type of information
needed.
Interpretation of trap results from Lake Mead and
comparisons with other studies should be made with caution.
Low abundance levels reported from Lake Mead may also reflect
behavioral changes resulting from high predation pressure.
Crayfish alter their behavior in the presence of a fish
predator and become less active and more secretive (Stein 1977;
Stein and Magnuson 1976; Stein 1979). It is possible that
trapability of adult crayfish in Lake Mead has been reduced due
to changes in crayfish behavior resulting from high predation
pressure (Collins et a7. 1983).
Traps have proven useful for collecting juvenile sunfish
and occasionally other species of fish in the lake. In order
to understand the benthic aspects of the foodweb in Lake Mead,
these species need to be studied. Although some studies have
involved feeding relationships of game fish and b l u e g i l l ,
including relative densities (Haley et al. 1987; NDOW 1981),
little work has been done on the green sunfish. Perhaps green
sunfish appeared to be more abundant than bluegill in traps
because they are crepuscular benthic feeders (Minckley 1982)
and were readily attracted to baited traps. Green sunfish can
severely reduce crayfish population levels when present (Huner
et a7. 1981) and may be an alternate link for game fish to
benthic food sources.
P. clarkii appear to be an important component in the
diets of several species of fish in Lake Mead. Numerous
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studies have been done on the predator-prey interactions
between fish and crayfish (Cowing and Momot 1979; Stein 1977;
Stein and Magnuson 1976; Stein 1979; Collins et a7. 1983).
Information regarding predation on P. clarkii is scarce. P.
clarkii are probably highly vulnerable to predators in Lake
Mead because plant cover is low. However, further research is
needed so effective management of crayfish populations as an
integral part of the warm water fishery can be done.
Low abundances of shad resulting from relatively low
fertility also may result in further reducing crayfish
population levels because of higher predation levels by food
limited fish. Maintenance of adequate levels of crayfish is
important because they provide food when other prey items
become scarce. Crayfish are efficient converters of benthic
food sources (Momot et aJ. 1978) which often are at relatively
high levels in oligotrophic, clear water systems due to high
periphyton production (Momot et a7. 1978; Franc 1985).
Since crayfish abundances were slightly higher in areas
with moderate fertility, enhancement of overall lake nutrient
levels should benefit crayfish populations. Enhancement of
cover through plant introductions should further benefit
crayfish abundances by providing a more effective cover refuge
against predators in the lake. Higher populations of crayfish
could benefit fish during seasons of low shad availability by
providing alternate links necessary for a balanced food web in
Lake Mead.
VII. CONCLUSIONS AND RECOMMENDATIONS
A. Conclusions
1. Overall densities of benthic invertebrates in the lake
were found to be higher than expected but were within the
ranges reported for oligotrophic systems.
2. Areas where concentrations of particulate organic matter
would be presumed to be higher (canyons and inflows)
yielded higher densities of benthic invertebrates.
3. No correlation of benthic densities with depth was found.
4. Trends in benthic biomass paralleled trends in benthic
density when attached fauna are discounted.
5. Relative abundance of crayfish in Lake Mead is extremely
low.
6. The outer region of Las Vegas Bay sustains slightly
higher abundances of crayfish than the inner Las Vegas
Bay and the rest of the lake.
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7. Crayfish appear to be more abundant in the presence of
submerged aquatic macrophytes.
8. Although crayfish populations are at extremely low
levels, they are still reproducing in Lake Mead.
9. Benthic invertebrates and crayfish occur at low densities
in Lake Mead but are important components of foodwebs in
many other unproductive lakes. Therefore, they may be
potentially a very important source of food for food-
limited game fish in Lake Mead.
B. Recommendations
1. Continue programs on Lake Mead to enhance fertility and
vegetative cover.
2. Continue monitoring of benthic densities and crayfish
abundance levels in association with programs to enhance
lake fertility levels and plant growth.
3. Develop additional sampling techniques to improve the
collection efficiency for crayfish in Lake Mead.
4. Study life history of crayfish in areas adjacent to Lake
Mead having higher densities (e.g., Overton Wildlife
Management Area and Flamingo Wash) so the timing of life
stages important for fish forage can be determined.
5. Explore the feasibility of a stocking and transplanting
program to enhance crayfish population levels to increase
their availability to game fish in Lake Mead.
73
VIII. LITERATURE CITED
Abrahamsson, S. 1981. Trappability, locomotion, and diel pattern of
activity of the crayfish Astacus astacus and Pacifastacus
leniusculus Dana. Freshwater Crayfish 5: 239-253.
Albert, E., and J.R. Baker. 1982. Food habits of sub-adult and adult
striped bass (Morone saxatilis) in Lake Mead, 1981-1982. NDOW Final
Report in Nevada Department of Wildlife, Annual Job Progress Report,
1982.
Allan, R.C., and D.L. Roden. 1978. Fish of Lake Mead and Lake Mojave.
Base fisheries data, Boulder canyon to Davis Dam. Nevada Department
of Wildlife, Biological Bulletin No. 7, 105 pp.
Baker, J.R., and L.J. Paulson. 1983. The effects of limited food
availability on the striped bass fishery in Lake Mead. In: V.D.
Adams and V.A. Lamarra, eds. Aquatic Resources Management of the
Colorado River Ecosystem. Ann Arbor Science Publishers. Ann Arbor,
Mich. pp. 551-561.
Brinkhurst, R.O. 1974. The benthos of lakes. St. Martin's Press, New
York, xii + 190 pp.
Dunham. 1983.
of crayfish in
Collins, N.C., H.H. Harvey, A.J. Tierney, and D.W. Dt
Influence of predatory fish density on trapability <
Ontario Lakes. Can. J. Fish. Aquat. Sci. 40:1820-1828.
Deacon, J.E., L.J. Paulson, and C.O. Minckley. 1972. Effects of Las Vegas
Wash effluents upon bass and other game fish reproduction and
success, and qualitative analysis of stomach samples of major game
and forage fishes of Lake Mead. Univ. of Nevada, Las Vegas, 74 pp.
(Unpublished report).
Edmondson, W.T., ed. 1959. Freshwater biology. 2nd edition. John Wiley
and Sons, New York, xx + 1248 pp.
Evans, T.D., and L.J. Paulson. 1983. The influence of Lake Powell on the
suspended sediment-phosphorus dynamics of the Colorado River inflow
to Lake Mead. In: V.D. Adams and V.A. Lamarra (eds.), Aquatic
Resources Management of the Colorado River Ecosystem. Ann Arbor
Science Publishers, Ann Arbor, Mich. p. 57-68.
Fast, A.W. 1971. The invasion and distribution of the Asiatic clam
(Corbicula mam'lensis) in a southern California reservior. Bulletin
of the Southern California Academy of Science, 70: 91-98.
Flint, R.W., and C.R. Goldman. 1977. Crayfish growth in Lake Tahoe:
Effects of habitat variation. J. Fish. Res. Board Can. 34: 155-159.
74
France, R.L. 1985. Relationship of crayfish (Orconectes virilis) growth
to population abundance and system productivity in small oligotrophic
lakes in the Experimental Lakes Area, Northwestern Ontario. Can. J.
Fish. Aquat. Sci. 42: 1096-1102.
Gloss, S.P., L.M. Mayer, and D.I. Kidd. 1980. Advective control of
nutrient dynamics in the epilimnion of a large reservoir. Limnology
and Oceanography 25: 219-228.
Gloss, S.P., R.C. Reynolds, Jr., L.M. Mayer, and D.E. Kidd. 1981.
Reservoir influences on salinity and nutrient fluxes in the arid
Colorado River basin. In: H.G. Stefan (ed.) Symposium on Surface
Water Impoundments ASCE. June 2-5, 1980. Minneapolis, MM. p. 1618-
1629.
Gowing, H., and W.T. Momot. 1979. Impact of brook trout (Salve!inus
foutinalis] predation on the crayfish Orconectes virilis in three
Michigan lakes. J. Fish. Res. Board Can. 36: 1191-1196.
Haley, J.S., S. Leavitt, L. Paulson, D.H. Baepler. 1987. Lake Mead cover
enhancement project. Lake Mead Limnological Research Center
Technical Report No. 18. University of Nevada, Las Vegas. 117 pp.
Houghton, J.G., C.M. Sakamoto, and R.O. Gifford. 1975. Nevada's weather
and climate. Nevada Bureau of Mines and Geology, Special Publication
2. vi + 78 pp.
Huner, J.V., M. Miltner and J.W. Avault, Jr. 1981. Crawfish, Procambarus
spp. production from summer flooded experimental ponds used to
culture prawns, Macrobrachium rosenbergii, and/or channel catfish,
Ictalurus punctatus, in south Louisiana. Freshwater Crayfish 5:
379-390.
Jaspers, E.J.M. 1969. Environmental conditions in burrows and ponds of
the red swamp crawfish, Procambarus clarkii (Girard), near Baton
Rouge, Louisiana. Unpubl. M.S. Thesis. Louisiana State University.
47 pp.
Jonez, A. and R.C. Sumner. 1954. Lake Mead and Mohave investigations.
Nevada Fish and Game Commissipn Final Report. D -J Project F-l-R,
186 pp., unpublished.
Kraemer, L.R., and M.L. Galloway. 1986. Larval development of Corbicula
fluminea (Bivalvia: Corbiculacea) and appraisal of its heterochrony.
American Malacological Bulletin, 4:61-79.
Konikoff, M. 1977. Study of the life history and ecology of the Red Swamp
Crawfish, Procambarus clarkii, in the lower Atchafalaya basin
floodway. Unpublished report for the United States Fish and Wildlife
Service. University of Southwestern Louisiana, Lafayette, Louisiana.
81 pp.
75
Lodge, D.M., T.K. Kratz, and G.M. Capelli. 1986. Long-term dynamics of
three crayfish species in Trout Lake, Wisconsin. Can. J. Fish.
Aquat. Sci. 43: 993-998.
Melancon, S.S. 1977. A preliminary survey of the macrobenthos of Las
Vegas Bay, Lake Mead, Nevada. M.S. Thesis, Univ. Nevada, Las Vegas,
iv + 53 pp.
Merritt, R.W., and K.W. Cummins. 1984. An introduction to the aquatic
insects of North America. 2nd edition. Kendall/Hunt, Dubuque, IA.
xiv + 722 pp.
Minckley, H.L. 1979. Aquatic habitats and fishes of the lower Colorado
River, southwestern United States. Final Report on Contract 14-06-
300-2529, United States Department of the Interior, Bureau of
Reclamation, Lower Colorado Region, Boulder City, Nevada. ix + 478
pp.
Minckley, W.L. 1982. Trophic interrelations among introduced fishes in
the lower Colorado River, southwestern United States. Calif. Fish
and Game 68(2): 78-89.
Momot, W.T., H. Gowing, and P.O. Jones. 1978. The dynamics of crayfish
and their role in ecosystems. American Midland Naturalist, 99 (1):
10-35.
NDOW. 1981. Nevada Department of Wildlife. Annual Job Progress Report
for 1981.
NDOW. 1982. Nevada Department of Wildlife. Annual Job Progress Report
for 1982.
NDOW. 1983. Nevada Department of Wildlife. Annual Job Progress Report
for 1983.
NDOW. 1984. Nevada Department of Wildlife. Annual Job Progress Report
for 1984.
O'Brien, T.P. 1977. Crawfishes of the Atchafalaya Basin, Louisiana, with
special emphasis on those species of commercial importance. M.S.
Thesis, Louisiana State University, Baton Rouge, Louisiana. 78 pp.
Paulson, L.J., and J.R. Baker. 1984. The limnology in reservoirs on the
Colorado River. Lake Mead Limnological Research Center, University
of Nevada, Las Vegas, Technical Report No. 11. vii + 276 pp.
Paulson, L.J., J.R. Baker, and J.E. Deacon. 1980. The limnological status
of Lake Mead and Lake Mohave under present and future powerplant
operations of Hoover Dam. Lake Mead Limnological Research Center
Technical Report No. 1. Univ. of Nevada, Las Vegas. 229 pp.
76
Penn, G.H., Jr. 1943. A study of the life history of the Louisiana red-
crawfish, Cambarus clarkii Girard. Ecology, 24(1): 1-18.
Penn, G.H. 1956. The genus Procambarus in Louisiana (Decapoda,
Astacidae). Amer. Midi. Nat. 56(2): 406-422.
Pennak, R.W. 1978. Fresh-water invertebrates of the United States. 2nd
edition. John Wiley and sons, New York, xv + 803 pp.
Pollard, J.E., S.M. Melancon, and L.S. Blakey. 1983. Importance of
bottomland hardwoods to crawfish and fish in the Henderson Lake area,
Atchafalaya Basin, Louisiana. Wetlands. 3: 1-25.
Pollard, J.E., W.L. Pratt, L.J. Paulson and D.H. Baepler. 1986. Analysis
of crayfish and benthos populations of Lake Mead project. Status
Report Nov. 25, 1986. 17 pp.
Prentki, R.T., L.J. Paulson, and J.R. Baker. 1981. Chemical and
biological structure of Lake Mead sediments. Lake Mead Limnological
Research Center Technical Report No. 6, University of Nevada, Las
Vegas. 89 pp.
Prentki, R.T., and L.J. Paulson. 1983... Historical patterns of
phytoplankton productivity in Lake Mead. In: V.D. Adams and V.A.
Lamarra (eds.) Aquatic Resources Management of the Colorado River
Ecosystem. Ann Arbor Science Publishers, Ann Arbor, Mich. pp. 105-
123.
Saiki, M.K. and J.C. Tash. 1979. Use of cover and dispersal by crayfish
to reduce predation by largemouth bass. In: D.I. Johnson and R.A.
Stein (eds.). Response of fish to habitat structure in standing
water. North Central Division American Fisheries Society Special
Publ. 6. 44-48 pp.
Stein, R.A. 1977. Selective predation, optimal foraging, and the
predator-prey interaction between fish and crayfish. Ecology 58:
1237-1253.
Stein, R.A. 1979. Behavioral response of prey to fish predation. In:
R.H. Stroud and H. Clepper (eds.) Predator-prey systems in fisheries
management. Sport Fishery Institute, Washington, District of
Columbia. 343-353 pp.
Stein, R.A., and J.J. Magnuson. 1976. Behavioral response of crayfish to
a fish predator. Ecology 57(4): 751-761.
Sublette, J.E. 1960. Chironomid midges of California. I. Chironominae,
exclusive of Tanytarsini (=Calopsectrini). Proceedings of the United
States National Museum. 112(3435): 197-226.
Taylor, R.C. 1984. Thermal preference and temporal distribution in three
crayfish species. Comp. Biochem. Physiol. 77A(3)-.513-517.
77
Thornbury, W.D. 1965. Regional geomorphology of the United States.
Wiley, New York, ix + 609 pp.
Tressler, W.L. 1959. Ostracods, in W.T. Edmondson, (ed.), 1959. Fresh-
water Biology. Wiley, New York pp. 657-734.
Weagle, K.V., and G.W. Ozburn. 1976. Sexual dimorphism in the chela of
Orconectes virilis (Hagen). Can. J. Zool. 48:1041-1042.
78
Appendices 1-4.
79
A p p e n d i x 1 . Cove n u m b e r s l i s t e d b y zone f o r c r a y f i s h s a m p l i n g
1986-1987.
Zone Stations
1 BC1-BC3.5 + 35.5
2 26-45 (except 35.5)
3 2-25, 46-79
4 80-109, 203-222
5 223-245
6 246-264.5
7 110-145
8 146-173
9 174-186
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Appendix 2. Total trap catches (number of animals) by zones of
Lake Mead for Procambarus clarkii (PC), bluegill (BG), green sunfish (GS), and
largemouth bass (1MB) during October 1986 and April 1987.
Date/Zone
Totals
#Traps PC BG GS 1MB
293 16 81 229 20
TOTALS
Oct. 7-28
1
2
3
4
5
6
7
8
9
10
40
60
57
15
20
40
20
30
0
9
3
2
0
1
1
0
0
1
19
10
33
0
1
6
11
11
0
49
45
68
3
7
39
12
15
0
4
8
6
0
0
2
0
0
1
72
66
98
3
9
48
23
26
347
April 6-23
1
2
3
4
5
6
7
8
9
40
56
101
140
48
60
98
95
72
1
1
0
2
1
1
1
1
2
2
2
5
3
2
0
8
0
4
9
30
81
94
13
4
98
35
48
0
0
0
0
0
0
0
0
0
12
33
86
99
16
5
107
36
54
Totals 710 10 26 412 448
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Appendix 3. Total trap catches (number of animals)
Boulder Basin for Procambarus clarkii (PC), bluegill (BG) and
(GS) during December 1986. February. March. Mav and July 1987.
by zones of
green sunfish
Date/Zone # Traps PC BG GS TOTALS
Dec. 9-18
1
2
3
Totals
Feb. 17-19
1
2
3
Totals
March 18-20
1
2
3
Totals
May
1
2
3
Totals
July
1
2
3
48
88
84
220
48
64
48
160
56
56
40
152
56
52
15
123
48
48
16
0
9
11
20
2
3
2
7
1
0
3
4
1
1
2
- 4
0
4
2
7
10
8
25
1
0
1
2 "
1
0
1
2
3
1
0
4
58
4
0
13
69
74
156
7
28
49
84
9
18
23
50
28
60
32
120
23
145
13
20
88
93
201
10
31
52
93
11
18
27
56
32
62
34
128
81
153
15
Totals 112 62 181 249
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Appendix 4a. Crayfish caught in Las Vegas Bay and Boulder Basin, from October
1986 to July 1987.
OCT DEC JAN FEB MAR APR MAY
Immature crayfish found in fish guts.
Site not sampled.
JUL
STATION
Inner Las
BC-2
BC-3.1
BC-3.2
BC-3.5
Outer Las
26
27.5
28
29.1
29.2
34
34.5
36.5
Vegas
_
0
0
-
Vegas
3
.
-
4
3
-
0
0
Bay
0
0
0
0
Bay
7 10
0
0
0
-
1
1
0
0
1
1
0
1
0
1
0
-
*1
0
0
0
0
0
*1
0
0
0
0
-
0 -
0
0
0
1
0
0
0
0
0
0
-
0
11
1
0
0
0
0
1
0
0
-
0
0
0
0
0
0
0
0
0
0
0
-
3
1
0
Boulder Basin
11
13
15.1
15.2
24
25.1
25.2
49
63
1
-
-
_
-
0
0
1
1
2
2
5
1
1
0
0
-
_
-
-
-
0
*11
-
_
-
-
-
-
*3
0
-
0
0
0
-
-
0
0
0
0
_
-
-
-
-
1
1
-
_
-
-
~
-
2
-
-
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Appendix 4b. Crayfish caught in Virgin Basin, Colorado River Arm
and Overton Arm from October 1986 and April 1987.
OCTOBER APRIL
STATION
Virgin Basin
85.5 1
86 - 1
98.5 1 0
Colorado River Arm
107 - 1
124 0 1
126 1 0
146 0 1
162 - 1
174 0 1
184 0 1
Overton Arm
223 - 1
257 1
261 1 1
Sites not sampled.
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